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and a yield strength VP (MPa) of the steel sheet satisfy 
the ranges given by BH^exp(-0.1 15 • YP+23.0) and 
0.67 • BH+160^YP^-0.B • BH+280. 
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Description 

Background of the Invention 
Field of the Invention 

The present invention relates to a steel sheet used for outer panels of autonnobiles and the like, and more partic- 
ularly, relates to a cold-rolled steel sheet and a cold-rolled steel sheet coated with a zinc or zinc alloy layer having 
excellent formability and nonageing properties, and further, producing no surface defects at press-forming, and exhib- 
iting excellent dent resistance after baking . 

Description of the Related Art 

As a nnatter of course, cold-rolled steel sheets used for outer panels of automobiles and the like are required to 
have excellent characteristics such as formability, shape fixability and surface uniformlty(pIane strain); and in addition, 
such characteristics are also required that automobile bodies with the steel sheets are not readily dented by a local 
external stress Concerning the fomier characteristics, numerous techniques have been disclosed, according to which, 
parameters conventionally used for evaluating formability of steel sheet such as elongation, r value, and n value are 
improved Meanwhile, conceming the latter characteristics, increasing the yield point of steel sheet has been investi- 
gated simuUaneously with decreasing sheet thickness for lightening the automobile body weight to achieve reduction 
in co:»l of rtulornotive fuel, since the dent load of steel sheet increases with Young's modulus, (sheet thickness)^ and 
yield sironqih However, an increase in the yield strength of steel sheet increases the spring back at press-forming, 
and thereby suflricc nonuniformity is readily produced around door handles in addition to deterioration of shape fixa- 
bi iiy Convent on. illy it has been known that surface nonuniformity is readily produced when the yield strength of steel 
sl-cc: cxccDdc ?40 MPa under normal press-forming conditions. 

So-c-iiiod BH siool sheets (steel sheets having bake hardenability), which have such characteristics that the yield 
si onqih IS low pross-forming and is raised by a strain ageing phenomenon after baking (generally heating at 170 
''C toe rtpproxifTViioiy 20 mm. ), have been developed to solve the above problems and numerous improved techniques 
rnnroinini thi:. i^po ol steel sheet have been disclosed. These BH steel sheets are characterized by a phenomenon, 
in Nvh.rh \ho yn-irJ f,irf>ngih increases due to strain ageing after baking by leaving a small amount of C in solid solution 
in the sioci HDw^vcr when utilizing such a strain ageing phenomenon, ageing deterioration (reappearance of yield 
porn! cioria-,hon . more f cadily occurs in steel sheets during storage at room temperature as compared with nonageing 
stool sheets ncfcby surface defects due to stretcher strain readily occur at press-forming. 

Thoiciorc sioci sheets having a two-phase structure have been developed as yield point elongation does not 
rcHdiiy fGnppcnr m such steel sheets at ageing, in which two-phase structure, a low temperature transformation phase 
SLCh ris m^ncnsi e dispersed in ferrite, is formed by a continuous annealing process. Although this type of steel sheet 
has BH Hs hiqn ns nppioximately TOO MPa, it is made of low carbon steel containing approximately 0.02 to 0.06 wt% 
of C ihorciofc this type of steel sheet cannot satisfy the formability required for today's outer panels of automobiles, 
and in nddiiion ii c^innot achieve the desired microstructure since it cannot be subjected to quenching or tempering 
whcr sioci shool is hot-dip galvanized. Furthermore, deterioration In stretch-flangeability and the like specific to the 
two-phHsc structure stoci prevents this type of steel sheet from being used for outer panels. 

Meanwhile so-criHcd ultra-low carbon BH steel sheets have been developed by employing ultra-low carbon steel, 
coniHining not more ihHn 0.005 wt% of C. and adding carbide forming elements such as Nb and Ti to the steel in 
quantities of not more than the stoichiometric ratio with respect to the C content; and these ultra-low carbon BH steel 
sheets can exhibit tno bake hardenability due to residual C in solid solution while maintaining excellent properties 
specitic to ultra-low carbon steel., such as deep drawability, and have been now widely applied to outer panels of 
automobiles and the like because this type of steel sheet is applicable to zinc or zinc alloy layer coated steel sheets. 
However, fiom a practical viewpoint, the BH of this type of steel sheet is reduced to approximately not more than 60 
MPa because the steel sheet does not contain a hard second phase which can prevent reappearance of yield point 
elongation. 

Conventionally, numerous improved techniques (for example, Japanese Unexamined Patent Publication No. 
57-70258) concerning ultra-low carbon BH steel sheets have been proposed as follows: techniques of continuous 
annealing at temperature as high as near QOO^'C for elevating the r value by grain grov^h and raising the BH by redis- 
solving carbide (for example. Japanese Unexamined Patent Publication No. 61 -276931 ); and steel sheet manufacturing 
techniques aimed at suppressing the reappearance of yield point elongation, similar to the above-mentioned two-phase 
structure steel, in which a steel sheet is heated to around the AC3 temperature and then cooled so as to obtain a 
recrystallized ferrite phase and a high diskx:ation density ferrite phase transformed from austenite (for example. Jap- 
anese Unexamined Patent Publication No. 3-277741). 
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However, each of these techniques requires annealing at high temperature of not less than 880 to 900**C, thus 
they are not only disadvantageous in energy cost and productivity, but also readily form surface defects at press- 
forming due to coarse grain grown at high temperature annealing. In addition, since the high temperature annealing 
inevitably reduces the steel sheet's strength, the yield strength of the steel sheet after press-forming is not always high 
even when the BH is high, therefore high BH alone does not always contribute to improvement in dent resistance. 

Summary of the Invention 

The object of the present invention is to provide a ultra-low carbon BH steel sheet which has substantially nonageing 
properties at room temperature, excellent formability. and excellent panel appearance after panel-forming, in addition 
to excellent dent resistance after baking. 

The present invention is achieved by the following cold-rolled steel sheets; 

A cold-rolled steel sheet 1 , comprising a steel composition containing 0.0010 to 0.01 wt% of C, 0 to 0.2 wl% of Si, 
0.1 to 1 .5 wt% of Mn. 0 to 0.05 wt% of R 0 to 0.02 wt% of S, 0.03 to 0.1 0 wt% of sol. Al. and 0 to 0.0040 wt% of N, 
and further containing one or two kinds of 0.005 to 0.08 wt% of Nb and 0.01 to 0.07 wt% of Ti in the ranges given by 
the following formulae (1) and (2); 

{(12/93)Nb + (12/48)Ti*} ^ 0.0005 (1) 



0 ^ C - {(12/93)Nb + (12/48)Ti*} ^ 0.0015 (2) 

wherein 

Ti* = Ti - {(4B/32)S + (48/1 4)N } 

said cold-rolled steel sheet having a bake hardenability BH of 10 to 35 MPa obtained by 2 % tensile prestrain and 
170 '^C X 20 min heat treatment; 

said bake hardenability BH (MPa) and a yield strength YP (MPa) of said steel sheet satisfying the following formulae 
(3a) and (4a) 

BH ^ exp (-0.1 15 • YP+ 23,0) (3a) 



0.67 . BH+l60^YPa-0.8 • BH+280 (4a), 

A cold-rolled steel sheet 2. comprising a steel composition containing 0.0010 to 0.01 wt% of C, 0 to 0.2 wt% of Si, 
0.1 to 1 .5 wt% of Mn, 0 to 0.05 wt% of P, 0 to 0.02 wt% of S. 0.03 to 0.10 wt% of sol. Al, and 0 to 0.0040 wt% of N, 
and further containing one or two kinds of 0.005 to 0.08 wt% of Nb and 0.01 to 0.07 wt% of Ti in the ranges given by 
the following formulae (1 ) and (2): 

{(12/93)Nb + (12/48)Ti*) ^ 0.0005 (1) 
0 - {(12/93)Nb + (l2/48)Ti*} gO.0015 (2) 

wherein 

Ti* = Ti - {(48/32)S + (48/1 4)N } 

said cold-rolled steel sheet having a bake hardenability BH of 10 to 30 MPa obtained by 2 % tensile prestrain and 
170 *C x 20 min heat treatment; 

said bake hardenability BH (MPa) and a yield strength YP (MPa) of said steel sheet satisfying the following fomnulae 



(3b) and (4b) 
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BHSGXp (-0.115 25.3) (3t,j 

0.67.BH+177SYPS-0.8BH+260 (4t,). 

the following formulae (1 ) and (2): and 0.01 to 0.05 wt% of Ti in the ranges given by 



'5 {(12/93)Nb + (12/48)Tn ^0. 0005 



25 



30 



35 



45 



SO 



ss 



0 - {(12/93)Nb + (12/48)Ti*} ^0.0015 (2) 



wherein 



Ti* = Ti - {(48/32)S + (48/1 4)N } 

BH ^ exp (-0. 1 1 5 . YP+ 23.0) ^33^ 



0. 57 . BH+1 60^ YPg-0.8 • BH+280 (4^) 



and 



{(12/93)Nb + (12/48)Ti*} S0.0005 
0 <C - {(12/93)Nb + (12/48)TI*} ^0.0015 (2) 



wherein 



Ti* = Ti - {(48/32)S + (48/1 4)N } 
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BH^exp (-0. 1 15 . YP + 25.3) (3b) 



^ 0.67 ■ BH+177^YPg-0.8 « BH+260 (4b). 

It Is also possible to achieve the present invention by a cold-rolled steel sheet 1 , wherein said steel composition 
contains 0.0002 to 0.0015 wt% of B or wherein said cold-roiled steel sheet is coated with a zinc or zinc alloy layer. 

10 Brief Description of the Drawings 

Fig. 1 shows effects of the 2 % BH of a ultra-low carbon cold-rolled steel sheet and a low carbon cold-rolled steel 
sheet on stretchability (LDHq). 

Fig. 2 shows effects of the 2 % BH of a ultra-low carbon cold-rolled steel sheet and a low carbon cold-rolled steel 

75 sheet on the limiting drawing ratio (LDR). 

Fig. 3 illustrates a forming method and the shape of a model-panel used for investigation. 

Fig. 4 shows ettects o1 the 2 % BH of a ultra-low carbon cold-rolled steel sheet and a low carbon cold-rolled steel 
sheet., each formed into a model panel as shown in Fig. 3 after artificial ageing at 38 "^C x 6 months, on the changes ( 
A Wca) in waviness heights (Wca) measured before and after panel-forming. 
20 Fig. 5 shows effects ol the 2 % BH of a ultra -low carbon cold-rolled steel sheet and a low carbon cold-rolled steel 

sheet on the dent resistance (dent load) of panels. 

Fig 6 shows effects of C content on the work-hardening exponent n and A Wca of the steel sheet evaluated at 
two kinds of strain rates. 

Fig 7 shows effects of YP and the 2 % BH of an ultra-low carbon cold-rolled steel sheet on the dent resistance 
2S {dent load) of a panel which has boon formed into a model-panel as shown in Fig. 3, followed by baking at 170 ®C x 

20 min. 

Fig. 8 shows effects of YP and the 2 % BH of an ultra-low carbon cold-rolled steel sheet on the changes ( A Wca) 
in waviness heights (Wca) measured before and after forming the steel sheet into a model-panel as shown in Fig. 3, 
followed by baking at 170 **C x 20 min and on the surface nonuniformity around a handle when the steel sheet is formed 
30 into a model-panel having a bulged part on a flat portion of the panel corresponding to a door handle seat. 

Description of the Preferred Embodiments 

To solve the problems of conventional ultra-low carbon BH steel sheets, the inventors of the present invention 
35 have investigated factors controlling dent resistance in detail, and as a result, have had the following findings. In other 
words, although the bake hardenabillty was advantageous to some extent in elevating the yield strength of steel sheets, 
the contribution of the BH to dent resistance was relatively small when the BH of steel sheets was not more than 50 
MPa, and on the contrary, the following phenomena were found to have more adverse effects on not only dent resistance 
but also panel appearance: reduction in the r value or the n value inevitably caused by leaving more than C in solid 
40 solution disturbed the flow of steel sheets into the panel face from the flange portion at panel-forming and impeded 
work-hardening of the steel sheets by unilorm strain propagation over the panel face. In other words, contrary to con- 
ventional knowledge "to increase the bake hardenabillty is the best way to improve dent resistance of outer panel of 
automobiles", it has been apparent that an increase in the bake hardenabillty does not always lead to improvement in 
dent resistance. Meanwhile, it was also found that when the bake hardenabillty was not less than 35 MPa, yield point 
45 elongation reappeared during long term storage after temper rolling, resulting in surface defects at panel-forming which 
are fatal for outer panels, in addition to deterioration of elongation. 

In the following, a process to achieve the present invention and characteristics of the present invention will be 
explained. 

First, effects of the 2 % BH on formability of steel sheets and surface defects after paneMorming were studied. In 
so this study, 0.7 mm thick ultra-low carbon cold-rolled steel sheets (0.0015 to 0.0042 wt% of C, 0.01 to 0.02 wt% of Si. 
0.5 to 0.6 wt% of Mn, 0.03 to 0.04 wt% of P, 0.008 to 0.011 wt% of S, 0.040 to 0.045 wt% of sol. Al, 0.0020 to 0.0024 
wt% of N, and 0.005 to 0.01 2 wt% of Nb) and 0.7 mm thick low carbon cold-rolled steel sheets (0.028 to 0.038 wt% of 
C, 0.01 wt%of Si, 0.15 to 0.16 wt% of Mn. 0.02 to 0.03 wt%of P, 0.005 to 0.010 wt% of S, 0.035 to 0.042 wt% of sol. 
Al, and 0.0025 to 0.0030 wt% of N), with different 2 % BH, were used. Stretchability and deep drawability were evaluated 
ss respectively by LDHo(limiting stretching height) and LDR (limiting drawing ratio) at cylindrical forming of a 50 mm 0 
blank. Figs. 1 and 2 show results thereof. 

Figs. 1 and 2 indicate that a ultra-low carbon BH steel sheet has superior stretchability and deep drawability to a 
low carbon BH steel sheet. Both LDHq and LDR of the ultra-low carbon BH steel sheet do not depend on the 2 % BH 
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mR ifrllL! T "^'^ " ^ '^^""'"9 fora,ability. Furthermore, deterioration in LDHo and 

LOR IS rela^vely sn^ll ,n a region regarded as a transition region in which the 2 % BH ranges from 30 to 35 MPa 

duror^nroH : ^^.^^^^^^^ ^^^^^ --DHo and LDR rapidly decrease. These^results suggest tha^^e 

defo.^L?n i'h K r ^" °' ^ '° ^"f''^"'^ propagatbn of plastic 

fiul^n^J. r ^ f ^"1 at press-forming and reduction in LDR due to an increase in the BH of a steel sheet 

hTcki eLs ofThTn^^^^ w'^'" P^^' •'^^^^'^y accelerating decrease in sheet 

thicKness of the panel face or providing nonuniform sheet thickness 

n=n ^^^^^^ ""'^^ 2 were treated with severe artificial ageing of 38 »C x 6 months 

^r^^lT ^ "?°^^I-Pa"^' as shown in Fig. 3. and subjected to surface defect evaluaL by measuring cZges 
(A Wca) .n waviness heights (Wca) before and after paneMorming. Fig. 4 shows the results 
, .if.K* "lla^^^^ a«^^ ssvs^e artificial ageing of 38 »C x 6 months, the Wca of the panel does not chanae 

MPa. and the Wca rapidly increases such that the surface defect can be visually confirmed if the 2 % BH exceeds S 

th^ 2 o^BH^Frl"; "^"1°' '^'^ ^"''^'^^ ^--a^ked With an elevatfonl^ 

the 2 /0 BH. From a practical viewpoint, the panel appearance after baking has no problem in a range of Wca<0 2 

BH up to 30 MPa IS permissible to obtain Wca = 0 jam . =^ ^ /o 

not l^rth^n''^™'' ''"V"^ °' 2 and 4 that ultra-low carbon BH steel sheets having a 2 % BH of 

w?h^xLe.^n,^, ■ ^"V/^'^^^'^'y' ^f^a" 30 MPa exhibit excellent formability and can be panel-formed 

sheeL ?s sel 35 mS" I f ' k! "^'^'"^ "^^^^ °' ^ o/„ BH of ultra-low caL, BH steel 

sneeis is set to 35 MPa. and more preferably, to 30 MPa 

to imorltTTJ'T T^' """^ "''^^-"^^ sheets in the present invention 

oulh K ' H °' '^'^ panel-fom,ed into a 5 mm high truncated cone by a fla.-bottorn 

IZ ^^a^l^nrT ?K '° T ""^^""^^ ^^^'"^^^^ - '-d (dent load) caus^g 

* J T P?""^"«"» P"Sf""9 a 20 mmR ball-point punch on the center of a flat portion of the panel so as to 

study the effect of 2 % BH on dent resistance of the panel Immediately after panel-forming. Fig. 5 s^ows the r^sutts 
Convent^nalV. the BH has been regarded for improving dent resistance in a baking prLess. howeverT^s 
found from the results of Fig 5 that dent resistance of a panel also depends on the 2 % BH of the s^eetsheet Ta 

Such results suggest that although in ultra-low carbon steel sheets having no BH (such as IF steel) occurs a vield 
that of a Td J '''Z'V '° ''^ Bauschlnger effect , the stee. sheet is defLed in d^eSs^ffle ent Lm 
smlfamoLn", n r ?H "^:^^"f ^'"9^^ ^"^^^ the ultra-low carbon steel sheet having some BH is reduced by a 
tnSr^TTri? ' !k """^^ ^« ^"^ ►^^^ ^'^'^^"^"t formability. however, dislocation 

orl^esr 'H^J'^Tr? ^ ^^"^ t^"^ the stress direction is reversed during a deformat on 

Sroclrs in I tn t ■ °^ disappearance of dislocations Inside dislocation cells 

readily occurs in a transition softening region, thereby deteriorating dent resistance. Such steel sheets are not prefer- 

Ix enTJZlT"' °' ^r/^^'^^"- °' P--' --«d'ately after panel-forming, and further. efeSi^n 
strength after baking cannot be expected at all, . i ■ ui yieiu 

i. .^^^LT^' ^^"''•J" "'^'^'T ^^^^'^ ^^^*"9 ^ 2 % BH Of not less than 10 MPa, dent resistance 

s signrficantty improved, as is shown in Fig. 5. This phenomenon is considered to be due to the following in an uttra 

S^S^r T\T1' "r"' °' ^ '"'--'^ ^-'--t-- during aX'<,;form^^^^^ 

so^ttJn th.^r„ ' defomiation so that dislocations are dynamically or statically anchored by the C inSd 
solution, thus reverse movement or coalescent disappearance of dislocations inside dislocation cells ctoes not reS Iv 
occur in a transition softening region, resulting in a decreased Bauschinger effect. In particular dyn^^ InSract^n 
en no ^f tSl TTh' T '"""^ " P re-deformation stage is considered to contrirufe to wo^S"- 

ening of the steel sheet in an initial stage of defomiation. Therefore, from a viewpoints of dent resistance of the wnel 
'lO^Pat i rr?''"'T'::'- and the like, it is preferable to provide a 2 % iro no LsThan 

10 MPa to steel sheets applied to outer panels of automobiles. Thus, the lower limit of 2 % BH for ultra-low carbon BH 
steel sheets is set to 1 0 MPa in the present invention 

th^r^T-^ w?TkT ^'"^ ""^ °" work-hardening behavior at two kinds of strain rates In a strain region of not more 
^Hes!;; o?f .t !^r"°L'' '^r'^'^ '° ^" characteristic contributing to dent resistance. Fig. 6 shows 

n « ZT r ^ °Vnl °' °" work-hardening exponent n and the A Wca at panel-forming 

o IZliuT 1 '° ^ ^' ^ ^^^^ °' ^ -'^^ a <^"a-- «*^ain rate of 3x^0 -i s s mS 

S?of ^0 0lTo0^."iS'";"cf7f r ""^-'°«<=arbon cold-rolled steel sheets containing 0.0005 to 0.011 

ri/" . n n^on °* ° ^ *° °* ° to 0.04 wt% of R 0.008 to 0 01 1 wt% of S 0 040 to 0 045 

wt% of sol. Al, 0 0020 to 0.0024 wt% of N. 0 to 0 08 wt% of Mb and 0 to 0 07 wt% of Ti 

From Fig. 6. high n values are obtained at a dynamic strain rate of 3 x 10 Vs under such conditions that the total 
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C Is not more than 100 ppm, {(12/93)Nb + (12/48)71*} , which is a parameter indicating precipitation amount of carbon 
(which carbon precipitates as NbC orTiC in a ferrite phase) in an equilibrium condition, is not less than 5 ppm, and C- 
{(12/93)Nb + (12/48)Ti*} , which is a parameter indicating C in solid solution in an equilibrium condition, is not less than 
15 ppm. wherein Ti*=Ti- { (48/32)S+(48/1 4)N } . The high n values are obtained even at a static strain rate of 3 x 10 "3/ 
s when the total C is not more than 25 ppm. In the same way as in Fig. 4, the relation A Wca S 0.2 m is obtained 
when C- {(12/93)Nb+(12/4B)Ti*) is not more than 15 ppm. Furthermore, when the above parameters are not less than 
0 ppm, BH of not less than 10 MPa can be ensured. Therefore, in ultra-low carbon steel sheets of which steel compo- 
sition contains one or two kinds of Nb and Ti, it is necessary that Nb and Ti satisfy {(12/93)Nb + (12/48)Ti*} ^0.0005 
and O^C- {(12/93)Nb + (12/48)Ti*} ^0.0015. Therefore, in the present invention, the contents of Nb and TI in the steel 
composition are set to the ranges given by the following formulae (1 ) and (2): 



{(12/93)Nb + (12/48)Ti*} ^0. 0005 (1) 

IS 

0 <C- {(12/93)Nb + (12/48)Ti*} ^0.0015 (2) 

wherein 

20 

Ti* = Ti- {(48/32)S+(48/14)N ) 

The following investigation was preformed on the most important factors of the present invention, i. e., the yield 
strength before panel-forming and the 2 % BH from a viewpoint of ensuring dent resistance after panel-forming. Ultra- 

2S low carbon cold-rolled steel sheets (0.0005 to 0.012 wt% of C, 0.01 to 0.02 wt% of Si, 0.5 to 0.6 wt% of Mn, 0.03 to 
0.04 wt% of P. O.OOe to 0.011 wt% of S, 0.040 to 0.045 wt% of sol. Al, 0.0020 to 0.0024 wt7o of N, and 0.0020 to 0.08 
wt% of Nb) having various yield strength values and 2 % BH were panel-formed into a model-panel as shown in Fig. 
3, subjected to heat treatment corresponding to a baking process, followed by evaluation of A Wca in the center portion 
of the panel face In addition, a load (dent load) causing a 0.1 mm permanent dent by pushing a 50 mmR ball-point 

30 punch on the center of a flat portion of the panel was measured. Moreover, the same steel sheets were panel-formed 
into panels having the same shape as that shown in Fig. 3 with a bulge-formed part on its flat portion corresponding 
to a door handle seat so as to investigate plane strain around the handle. Figs. 7 and 8 show the results. 

Figs. 7 and 8 indicate that the dent load of a panel is raised by increasing the initial yield strength YP and the 2 % 
BH. With regard to the effect of YP, the dent load rapidly decreases in a region where YP is not more than 170 MPa, 

35 thus it is necessary to set the 2 % BH to not less than 40 MPa for compensation. Meanwhile, concerning the effect of 
the 2 % BH, the dent load rapidly decreases in a region in which the 2 % BH is not more than 10 MPa, and a dent load 
of not less than 150 N cannot be achieved in a substantial nonageing steel sheet having a 2 % BH of less than 1 MPa. 
In a region in which YP is not more than 200 MPa, critical conditions exist between YP and the 2 % BH for dent load, 
and it is necessary to have a 2 % BH of BH^exp(-0.115 . YP-t-23.0) for achieving dent resistance having a dent load 

40 of not less than 150 N and to have a 2 % BH of BH ^exp(-0.115 . YP-»-25.3) tor achieving dent resistance having a 
dent load of not less than 170 N, respectively Therefore, according to the present invention, the 2 % BH (MPa) and 
the yield strength YP (MPa) of a steel sheet are regulated to satisfy the following formula (3a), and preferably, the 
following formula (3b) from a viewpoint of ensuring excellent dent resistance: 

45 

BH ^ exp(-0. 115. YP-i-23.0) (3a) 
BH^exp(-0.1 15 . YP+25.3) (3b) 

so 

In addition, it is necessary to set the 2 % BH and YP to appropriate values from a viewpoint of excellent panel 
appearance required for outer panels. Surface defects of a panel become remarkable with a decrease in YP and an 
increase in the 2 % BH, as is shown in Fig. 8. Meanwhile, surface nonuniformity around handle becomes remarkable 
with an increase in YP and a decrease in the 2 % BH. From the above results, concerning the conditions for the 2 % 
55 BH and YP. a 2 % BH of not more than 35 MPa and 0.67 BH+160<YP< -0.8 BH+280 are required so as not to have 
practical problems in surface defects of the panel face or surface nonuniformity around the handle; and a 2 % BH of 
not more than 30 MPa and 0.67 BH+177< YP<-0 8 . BH-»-260 are required so as not to have any surface defects of 
the panel face nor surface nonuniformity around the handle. Therefore, in the present invention, the 2 % BH (MPa) 



7 



EP 0 816 524 A1 



0.67 . BH+160SYPS-0.8 • BH+280 (4a) 

0.67 . BH+177SYPS-0.8 ■ BH+260 (4b) 

The reasons for limiting the composttlon of steel sheets of the present invenlbn will be explained 
NhT .^T r *" " *^ "ecessary to set the amounts of fine precipitates such as 

InHitinn^ ""^^^T^ '° '"'^ ' ^''P^^^^^^ '^e corresponding C amount (e^uiltoriur^ 

cond, lon), ,n addition to ensunng C in solid solution for obtaining a 2 % BH of not less than lb MPa vJhen^e Sc 

n n?^'' T "IT ''^ ° "^^ 2 % BH cannot be obtained, and meanS ttVhe C excTeL^ 

aoi wt% the work-hardening exponent n decreases. Therefore the total C is set f om O.OOIOtoO 0 wSi ^d pS' 
erably not more than 0.0025 wt% for the high n value as above-mentioned ^ 
r.J'\^^,T T ^.''^^^'''"a'y '^^9® °' Si is added, chemical conversion treatment properties deteriorate in the 

Z T °' '^y^^ deteriorates in the case of zincor zinc alloy layer c^ld stiLl 

Sheets, therefore the amount of SI is set to not more than 0.2 wt% (including 0 wt%) 

S as M"ni^"n lT.!2Tr''^^^^ "kT^"' " """"""^ " ^"'^^^ '° P^^^^"' '^^^ °' « ^'^b by precipitating 

tZ^ ^ I".' 1 r M • " ^" -^^^ ^^'^^'^'^ =^^«"9then the steel witho J deteriorating 

TesuTs^n ?r , H °' ^" exceedingly large amount of Mn is not preferable because 1 

^sults .n a deteriorated r value and an excessively increased yield strength. Therefore, the lower limit of Mn is 0 1 
^ uof; l" r " ' r precipitating and anchoring S. and the upper limit is 1.5 w^/o Z^l 

value IS a limrt for avoiding remarkably dotoriorated r values and for not exceeding the yieW strength of 240 MPa 
R Since P detenorates the alloying properties at hot-dip galvanizing and also causes a surface defect an the panel 

S S IS included as MnS in steel, and if a steel sheet contains Ti. S precipitates as Ti.C^S, in the steel since an 
excess amoun. of S deteriorates stretch-flangeability and the like, the amount of S is setVnot more Tan 0 02 
(including 0 wt%)^ ,n which range no problems occur in practical fom^abimy or surface treatabiSy 
solutbn which h^ mf! V'TT °' precipitating N as A1N in steel and reducing hamiful effects due to N in solid 
!o n n WK ?r '^^^'^^^^ ^""'""^ °* a ^a^iic strain ageing, similarly to C in solid 

solu ,on When the amount of sol. Al is less than 0.03 wt%. the above effects cannot be achieved and meanv^iite 

trrourorr:i°sroo.roo^^ 

«,r,nMn,^?M"^'' ^ !^ 'IT'^"^ ^'""^'^ precipitating as A1N and also precipitating as BN when B is added the 
morern aOO^S (Ll^g" ::o--^'^ ^ ^^^^^'"^ °^ —'^^ ^^'^ ^ -o not 

th. nlT„*! °? °' "'""^^ °' ° ° °* 0 '° 0.07 wt% of Ti are added to a steel sheet of 

the present invention as essential elements. These elements are added to steel for controlling the amoun s ot f ne 
precipitates ,n the steel such as NbC. TiC, etc. to not less than 5 ppm. which value is expressed brthe correTpon^^^^ 
C amount ,n steel (under equilibrium conditions), so as to increase the work-hardening exponent n in a "^^^^^^^ 
mation s age and also for anchoring the excess C as NbC or TIC so as to control the anx>unt of residual C in sLw 
solution to not more than 1 5 ppm. When the added amounts of Nb and TI are below 0 005 wt% for Nb and 0 it ^ 
for T, respectively, the above-mentioned control of prec.prtating C cannot be performed approprL/ely and l^nlS 
^ the added amounts ol Nb and Ti exceed the 0.08 wt=/o for Nb and 0.07 w,% for "H respeclivel.Tbec^merS to 

"Cled^d r sm°; •^°'-^°"r^,t" -"-^"-"y- -^-e quali., after cold-rolling and anlafhg 

IS mproved, and a small amount of B segregated in ferrite grain boundaries during annealing prevents the C in sc^id 

be left in the steel without high temperature annealing. When the added amount ol B is less than 0 OoS w^ t2 
orates when the added amount exceeds 0.0015 wt%. Therefore, in the case of adding B. the added amounithereof 
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is set to 0.0002 to 0.001 5 wt%. 

Balance: Although the balance is substantially composed of Fe, other elements may be added within the limit of 
not deteriorating the above-mentioned effects of the present invention. 

Although steel sheets of the present invention can be used as cold-roiled sheet, they can be also used as zinc or 

s zinc alloy layer coated steel sheet by zincelectroplating or hot-dip galvanizing the coid>rolled steel sheet . and also in 
this case, the desired surface quality and dent resistance can be obtained after press-forming. 

Pure zinc plating, alloyed zinc plating, zinc Ni alloy plating, etc. are employed as the zinc or zinc alloy layer coating, 
and similar properties can be achieved in steel sheets treated by organic coating after zinc plating. 
A example method tor manufacturing steel sheets of the present invention will be explained. 

10 A steel sheet of the present invention is manufactured through a series of manufacturing processes including hot- 

rolling, pickling cold rolling, annealing, aqd treated with zinc plating if required. For manufacturing a steel sheet of the 
present invention it is preferred that the finishing temperature of the hot-rolling be set to not less than the Arg temper- 
ature so as to ensure excellent surface quality and uniform properties required for outer panels, in addition, although 
either of a moihod of hot-rolling after slab-heating or a method of hot-rolling without slab-heating can be employed for 

75 the hot-rolling oroccss it is preferred that not only the primary scales but also the second scales producing at hot rolling 
be sufficiently removed tor the outer panels. In addition, the preferred coiling temperature after hot -rolling is not more 
than 680 °C nnd more prcicrnbly. not more than 660 °C. from a viewpoints of scale-removal at pickling and stability 
of the product propcnics Furthermore the preferred lower limit of the coiling temperature is 600 **C tor continuous 
annealing anc 540 'C tor box Hnnoaling so as to avoid adverse effects on a recrystalHzation texture formation by 

^0 growing carbide lo borri.j cxicni 

Foi cold-i jMing iioi luiioJ b'cu bl-cet after scale-removal, it Is preferred to set the cold-rolling reduction rate 
to not less ihrin 70 ^-kj more pf cfcfribiy not less than 75 % to achieve the deep-drawability required for outer panels. 
In addition when coiiifujrxiu -irv^cniinq is employed for annealing the cold-rolled steel sheet, the preferred annealing 
temperature is 7r0 ic r- " *r. .ina mote preferably, 780 to 860 "^C. This is because annealing at temperature of not 

2S loss than 7B0 lo -vr-. ■ • ..n , fof ccvciopmg the desired texture for the deep-drawability after recrystallization, and 
meanwhile at rjnno.-iitn-^ i.. ^n;.or."iiu»o ci rrore than 860 °C, Yp decreases and also remarkable surface defects appear 
at panel-lorming On ihr- ouicf n^-^ci when box annealing is employed for annealing, a uniform recrystallization structure 
can be obtained Hi.Hnn..n!rn-j lempcraiuro of not less than 680 *C because of the long soaking time of box annealing, 
however the prnlnrron tipp^^r hmit rt ihn annealing temperature is 750 **C for suppressing grain coarsening. 

30 The annenlod roiri f.'*iiofj shoo! can be subjected to zinc or zinc alloy layer coating by zincelectroplating or 

hot -dip galvani/ing 

(Example 1) 

3S Steels of steel Ko i lo No 30 each having a composition shown in Tables 1 and 2 were melted and continuously 

cast into 220 mm thick si^^bs Those slabs were heated to 1200 *C and then hot-rolled into 2.8 mm thick hot-rolled 
sheets at finishing temper,-.! ur c o' 860"C (steel No. 1) and 880 to 910 **C (steel Nos. 2 to 30), and at coiling temperature 
of 540 lo 550 **C';for bcx ^nnoaling) and 600 to 640 **C (for continuous annealing and continuous annealing hot-dip 
galvanizing). These hoi ioiicd sheets were pickled, cold-rolled to 0.7 mm thickness, followed by one of the following 

•fO annealing processes com nuous annealing (340 to 860 °C), box annealing (680 to 720 **C), and continuous annealing 
hot-dip galvani/ing (550 to roO 'C) In continuous annealing hot-dip galvanizing, the hot-dip galvanizing was performed 
at 460 ''C after anncnimq rinc then the resultant was immediately subjected to alloying treatment in an inline alloying 
furnace at 500 ''C In nddiiion stool sheets after annealing or annealing hot-dip galvanizing were subjected to temper 
rolling at a rolling roduc!»on ot i "o 

-'5 The mechanical chnt r:cicns:ics oi the steel sheets wre measured at a static strain rate of 3x 10 '^/s. The work- 

hardening exponent n wns riiso measured at a dynamic strain rate of 3 x lO""" /s to evaluate the work-hardening 
behavior under actual press cDndiiions And these steel sheets were press-formed to evaluated: LDHQ(limiting stretch- 
ability height) and LDR (Iii-iiIimli drawing lalio) by forming cylinders with a diameter of 50 mm; surface defects, plane 
strain, and dent lesibimictj when foimed into a panel as shown in Fig. 3; and further, dent resistance after baking. 

so Tables 3 to 5 show the results thereof. 

(Example 2) 

Steels of steel No 5 No 6 No 1 2 No. 21 , No. 25, and No. 26, each having a composition shown in Tables 1 and 
55 2 were melted and continuously cast into 220 mm thick slabs. These slabs were heated to 1200 °C and then hot-rolled 
to 2.8 mm thick at finishing temperature of 880 to 900 '^C and coiling temperature of 640 to 720*C. These hot-rolled 
sheets were pickled, coid-rollr^d lo 0 7 mm thickness, and subjected to continuous annealing at 840 to 920 ®C, followed 
by temper rolling at a rolling reduction of i 2 %. 
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rat J'bXSTntXrX^^^^ ^'^^'^^^^^'"^ ^^'^h') ^ («-«^9 c..wing 

into a panel as shown Tprs a^^^^rnhL T . « '"^ P"^"" ^"^ ^^"^ fe'^^d 

Characteristic valuerof steS she J^s ^""^ ''"'"^^ ^ *° ^ ^''^ the^of with 

resistance aker teS ^" ^PP^^^^"'^^ ^^^^ panel-forming, in addition to excellent dent 
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Claims 

1. A cold-rolled steel sheet for excellent panel appearance and dent resistance after panel-forming, comprising a 
steel composition containing 0.0010 to 0.01 wt% of C, 0 to 0.2 wt% of Si, 0.1 to 1.5 wt% of f^n. 0 to 0.05 wl% of 
P. 0 to 0.02 wt% of S, 0.03 to 0.10 wt% of sol. Al. and 0 to 0.0040 wt% of N. and further containing one or two 
kinds of 0.005 toO.08 wt% of Nb and 0.01 to 0.07 wt% of Ti in the ranges given by the following formulae (1 ) and (2): 

{(12/93)Nb + (12/48)Ti*} ^0.0005 (1) 
0 - {(12/93)Nb + (12/48)Ti*} ^0.0015 (2) 

wherein 

Ti* = Ti - {(48/32)S -i- (48/1 4)N } 

said cold-rolled steel sheet having a bake hardenability BH of 10 to 35 MPa obtained by 2 % tensile prestrain 
and 170 X 20 min heat treatment; 

said bake hardenability BH (MPa) and a yield strength YP (MPa) of said steel sheet satisfying the following 
fomiulae (3a) and (4a) 

BH ^ exp (-0. 1 1 5 . YP+ 23.0) (3a) 

0.67 • BH+160^YP^-0.8 . BH+280 (4a) 

2. A cold-rolled steel sheet for excellent panel appearance and dent resistance after panel-forming, comprising a 
steel composition containing O.OOlO to 0.01 wt% of C, 0 to 0.2 wt% of Si, 0.1 to 1 .5 wt% of Mn. 0 to 0.05 wt% of 
P, 0 to 0.02 wt% of S, 0.03 to 0.10 wt% of sol. Al, and 0 to 0.0040 wt% of N, and further containing one or two 
kinds of 0,005 to 0.08 wt% of Nb and 0.01 to 0.07 wt% of Ti in the ranges given by the following formulae (1 ) and (2): 

{(12/93)Nb + (12/48)Ti*} ^0.0005 (1) 
0 - {(12/93)Nb -«- (12/48)Ti*} ^0.0015 (2) 

wherein 

Ti* = Ti - {(48/32)S + (48/1 4)N } 

said cold-rolled steel sheet having a bake hardenability BH of 10 to 30 MPa obtained by 2 % tensile prestrain 
and 170 °C X 20 min heat treatment; 

said bake hardenability BH (MPa) and a yield strength YP (MPa) of said steel sheet satisfying the following 
formulae (3b) and (4b) 

BH^exp (-0.115 . YP + 25.3) (3b) 

0.67 . BH+177^YP^-0.8 - BH+260 (4b) 

3. A cold-rolled steel sheet for excellent panel appearance and dent resistance after panel-forming, comprising a 
steel composition containing 0.0010 to 0.0025 wt% of C. 0 to 0.2 wt% of Si. 0.1 to 1 .5 wt% of Mn. 0 to 0.05 wt% 
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of R 0 to 0.02 wt% of S, 0.03 to 0.10 wt% of sol. Al, and 0 to 0.0040 wt% of N, and further containing one or two 
kinds of 0.005to0.020 wt% of Nb and 0.01 toO.05 wt% of Ti in the ranges given by the following formulae (1 )and (2): 

{(12/93)Nb + (12/48)TI*} ^0. 0005 (1) 



0 - {(12/93)Nb + (12/48)Ti*} ^0.0015 (2) 

wherein 

Ti* = Ti - {(48/32)S + (48/1 4)N | 

said cold-rolled steel sheet having a bake hardenability BH of 10 to 35 MPa obtained by 2 % tensile prestrain 
and 170 X 20 min heat treatment; 

said bake hardenability BH (MPa) and a yield strength YP (MPa) of said steel sheet satisfying the following 
formulae (3a) and (4a) 

BH ^ exp (-0.115. YP+ 23.0) (3a) 



0.67. BH+160^YP^-0.8 • BH+280 (4a) 

A cold-rolted steel sheet for excellent panel appearance and dent resistance after panel-forming, comprising a 
steel composition containing 0.0010 to 0.0025 wt% of C, 0 to 0.2 wt% of Si, 0.1 to 1 .5 wt% of Mn, 0 to 0.05 wt% 
of P. 0 to 0.02 wt% of S. 0.03 to 0.10 wt% of sol. Al. and 0 to 0.0040 wt% of N. and further containing one or two 
kinds of 0.005 to 0.020 wt% of Nb and 0.01 toO-05 wt% of Ti in the ranges given by the following formulae (1 ) and (2): 

{(l2/93)Nb + (12/48)Ti-) SrO.0005 (1) 



0 - {(12/93)Nb + (12/48)T]*} t?0.0015 (2) 

wherein 

Ti* = Ti - {(48/32)S -i (48/1 4)N } 

said cold-rolled steel sheet having a bake hardenability BH of 10 to 30 MPa obtained by 2 % tensile prestrain 
and 170 **C X 20 min heat treatment; 

said bake hardenability BH (MPa) and a yield strength YP (MPa) of said steel sheet satisfying the following 
formulae (3b) and (4b) 

BH^exp (-0.115. YP +25.3) (3b) 



0.67 • BH+177^YPg-0.8 • BH+260 (4b) 

A cold-rolled steel sheet of claim 1 , 

wherein said steel composition contains 0.0002 to 0.0015 wl% of B. 

A cold-rolled steel sheet of claim 1, 

wherein said cold-rolled steel sheet is coated with a zinc or zinc alloy layer. 
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FIG.6 
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